In Hyperspectral imaging (HSI) applications in medicine a uniform illumination is used and the illuminated surface is recorded with a camera with spectral resolution. Unlike in tissue reflectance spectroscopy with fixed light source -detector distances, in HSI the contribution of the influence of different tissue layers to the absorption signal is poorly understood.
Introduction
Hyperspectral imaging (HSI) is a new approach in medical diagnostics. It combines the spatial resolution of a camera with the spectral resolution of a spectrometer and therefore allows to characterize different tissue types and to analyse the different components in tissue. The dominant absorbers in many medical applications are the components oxygenated haemoglobin O 2 Hb, deoxygenated haemoglobin HHb and water. One application of HSI therefore is to measure the oxygen supply of tissue which is an important information in wound diagnostic.
In other applications of tissue spectroscopy like cerebral monitoring, the penetration depth of the light and thus the depth information depends directly on the light sourcedetector distance and is well understood. In HSI setups a uniform illumination is used and the detector covers the whole image area. The interaction of light with the tissue is complex and the contribution of different tissue layers to the detected remission signal and therefore the depth resolution of the technique is poorly understood.
It is obvious, that the penetration depth of the light strongly depends on the absorption and scattering characteristics of the tissue and thus on blood volume fraction, oxygen saturation, water volume fraction and others.
In this work a Monte-Carlo simulation is presented which allows to calculate reflectance signals in HSI setup with a uniform illumination of the observed tissue and a camera based detection. The MC simulation is used to calculate the reflectance signal at different wavelengths in the visible and NIR region. The calculations were performed with a simple four-layer tissue model and the depth and oxygen saturation of one layer was varied to investigate the influence of deeper tissue regions to the reflectance signal.
Materials and Methods
Monte-Carlo (MC) methods for the simulation of photon propagation in tissue are well described in references [1] , [2] and [3] . The program code which is used here, is based on the Monte Carlo simulation code by Wang et al. [1] and is adapted to simulate the specific geometry in wound diagnostics with a HSI camera and is suitable for different tissue structures.
Especially the uniform illumination of a tissue surface and the simultaneous detection with a HSI camera can be modelled. The MC simulation is implemented in LabView™ as programming environment because it offers the possibility to use Multicore Technology, allows high flexibility for future functional enhancements, easy to handle user interfaces and powerful tools for graphical display of the results.
To tackle the issue of depth resolution in HSI on biological tissue, we used a simple four-layer model with varying blood volume fraction, oxygen saturation, water volume fraction and others, see figure 1. Layer II is a tissue layer with varying thickness between 1 mm and 3 mm followed by tissue layer III of 2 mm thickness. Layer IV is a tissue layer of 100 mm thickness to avoid backward reflections of the photons. Layers II to IV all were calculated with a water volume fraction of 65 %. The oxygen saturation of the blood in layers II and IV were fixed to 75 % and the oxygen saturation in layer III was varied between 75 % and 100 % in steps of 5 %. The scattering coefficients in layers II to IV were calculated with the formula given for dermis in [4] . The blood volume fraction of blood in layers II to IV was varied between 5 % and 10 %. The absorption coefficients were calculated using data from [5] .
In figure 2 the 10 different wavelengths selected between 500 nm and 1000 nm are given together with the absorption coefficients of O 2 Hb and HHb. were statistically distributed (normal distribution) to a 10 cm x 10 cm area in perpendicular incidence. The remission data were collected from an 8 cm x 8 cm area to avoid vignetting. The simulation provides the Fresnel reflection as well as the diffuse remission of the tissue. We only used the diffuse remission for our analysis.
Results
In figure 3 and figure 4 the simulated absorbance for 10 different wavelengths is given for a thickness of 1 mm of layer II and a variation of the oxygen saturation in layer III from 75 % to 100 % for a blood volume fraction of 5 % in layers II to IV. The simulations were repeated with a thickness of layer II of 2 mm and 3 mm respectively. In figure 5 the ratio of the reflectance with different oxygen saturations in layer III to the absorbance with 75 % oxygen saturation is given for the different scenarios. The maximum change at 670 nm is almost 3 % for a 1 mm layer II and will not be easy to detect in HSI images. For a thicker layer II the maximum changes decrease to 1 % and 0,5 % respectively which is hardly detectable.
In figure 3 it is obvious that the ratio of the absorbance at 580 nm to the absorbance at 800 nm is about 2.2, much less than the ratio of the absorption coefficients µ a at these wavelengths which is about 50, see figure 2. An explanation for this fact is, that the light path for 580 nm light in the tissue is totally different from the light path of 800 nm light. Due to the high µ a , there is a reduced penetration depth at 580 nm and the reemitted light comes mainly from the surface.
In figure 6 , a remission spectrum from normal skin [6] measured with a HSI camera (TIVITA™ Tissue camera), is compared to the simulation result with 75 % oxygen saturation. The simulated spectrum is matched to the measured absorbance. The same absorbance ratio 580 nm to 800 nm is observed. But it is also obvious, that the water peak at 1000 nm is higher in the real spectrum compared to the simulated spectrum. Similar spectral shapes can be observed in many HSI spectra. The blood volume fraction in our simulation seems to be to high compared to the water volume fraction. As the water volume fraction is already at 65 % , which seems to be realistic, future simulation runs with lower blood volume fractions are needed.
Discussion
The remission of a four-layer tissue model with a uniform illumination and detection geometry was simulated. The simulation provides the correct ratio of reflectance 580 nm / 800 nm. The water absorption peak around 1000 nm is more prominent in typical HSI spectra which could be explained by a lower average blood volume fraction in the real tissue.
With the high blood volume fractions of 5 % and 10 %, oxygen saturation changes in a layer 1 mm below the surface could be detected if the recording provides a high signal to noise ratio. For changes in deeper layers the detection of saturation changes seems to be unlikely. The situation can change dramatically if the absorption in the layers change. It seems to be realistic, that a deeper tissue layer with a high blood volume fraction covered by a layer with low blood volume fraction is easier to detect.
Future simulation will focus on varying the blood volume fractions in different layers and try to build different realistic tissue models with subcutaneous fat etc. Those simulations can be used to investigate the contribution of different tissue layers to the remission signal. Those simulations can also help to interpret tissue spectra recorded with HSI cameras and to re-check specific assumptions.
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